Introduction
With the request for overall performance of CNC machine tools increasing, CNC machine tools is developing rapidly in high precision, high speed, high efficiency, high reliability and other aspects. Double-drive feed system has characteristics of high speed and acceleration. It can achieve the system's rapid feed, improving processing efficiency. In references [1] [2] , the mathematical model of the single-axle feed system is established, and the influence of friction, gap and other factors on the feeding system is studied. In references [3] [4] , the dual-axis synchronous control model is established to study the effect of biaxial coupling, two-axis friction and center-of-gravity change on the non-synchronous error. In references [5] [6] , the dual-drive system is used as the research object, and the dynamic characteristics of the feeding system are studied by using the finite element method. In references [7] [8] , on the basis of the study of double-drive feed system, the system parameters are identified and the control model is established. The above scholars have made great progress in the research of the CNC feed system, but the research on the overall dynamic characteristics of the CNC feed system is little. In this paper, the Y-axis feed system of KSMC1250 vertical machining center is used as the research object, and the mechanical dynamic analysis method is used to analyze the feed system. The mathematic model of mechanical-electric coupling is established considering the friction torque of the bearing and coulomb friction and viscous friction coupling caused by the center of gravity of the spindle box. The influence factors of the dynamic characteristics of the feed system are studied by Matlab/Simulink simulation. 
(1) Where, e is the spindle box displacement error, e=x s -x t ; L is the servo motor magnetic field inductance, R is the servo motor resistance, K ip is the current loop gain, K vp is the speed loop gain, K pp is the position loop gain , K v is the speed loop command to adjust the gain, K emf is the back-EMF for electromotor.
The servo motor controls the output torque via the PID, transmits the torque to the pulley 1, and the pulley 1 is driven to the pulley 2 via the timing belt 
Where, J p2 is the moment of inertia for pulley 2, C s is the viscous damping coefficient for ball screw, ξ is the transmission ratio for rotation movement and linear motion, P h is the lead.
Model of spindle box coupling motion
(11) Where, F z1 , F z2 are 1 axis and 2 axis drive force, f z1 , f z2 are 1 axis and 2 axis rail friction, C r is the moving viscous damping for the rail, g is the gravity acceleration.
The integrated axial drive stiffness K e is solved by axial stiffness and torsional stiffness 
Where, K 1 is the axial stiffness, K 2 is the torsional stiffness for the ball screw
Where, K s is the axial stiffness of ball screw, K n is the axial stiffness, K b is the axial stiffness for bearing, K h is the axial stiffness for bearing support and nut support. Friction for Feed System. Total friction torque of bearing and screw nut drive.
The friction torque of the bearing is calculated according to Palmgren's experience
Where, M 0 is the friction torque associated with the bearing type, the nature of the lubricant and the speed, M 1 is the friction torque associated with the bearing load.
Due to
Where, f 0 is the coefficient associated with bearing lubrication method, D m is the the bearing diameter, v is the kinematic viscosity of the bearing lubricant, n is the bearing speed. f 1 is the coefficient associated with bearing load and type, F β is the bearing working load, P 0 is the equivalent
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static load of bearing, C a is the rated static load of bearing, z, y is the coefficient related to the bearing type.
Calculation of friction moment of screw nut
Where, T s is the nut friction torque, β is the lead angle of screw, F z is the screw nut load. The total friction torque of the bearing and the screw nut drive Fig. 3 shows that when the spindle box moves, the load acting on the rolling rail can be estimated to the spindle box' Coulomb friction, and then by the rail movement of the viscous friction coefficient, a rail friction model can be established.
(24) Where, P n , P nT is the load applied to the rolling guide, L 0 is the distance between the two gliding block for rails, L 1 is the distance between the rails, L 2 is the distance from the center of the table to the rail, L 3 is the distance from center of gravity of the table to the central plane of the two rails, F z is driving force of the screw for the two shafts, f z1 , f z2 for the rails of the Cullen friction. Figure 3 . The force diagram of the rail
Establishment of Simulation Model
According to the mathematical model established above and according to the formulas (1) to (24), the simulation model is established as shown in Fig. 4 . In this paper, the parameters of KSMC1250 are as an example to simulate. The servo motor inductance L is 0.91mH, motor resistance R is 1Ω, the motor back EMF constant K emf is 0. N·m -1 ,
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bearing diameter D m is 65mm, bearing rated static load C a is 95500N, the coefficient associated with the bearing model z is 0.001, y is 0.33, nut preload load F ny is 980N.
T f2 
Simulation Analysis of Feed System
The Influence of the Weight of the Spindle Box on the Speed. The spindle unit of the vertical machining center consists of the main shaft motor, the shift gear, the spindle part and the main shaft box. So its overall weight is heavy, and greatly affect the dynamic characteristics of the vertical processing center Y-axis feed system. In this paper, when the permanent torque servo motor to starts in constant torque, permanent magnet servo motor output torque T is 30N·m. When the mass of the spindle box components is selected by 1300kg, 1170kg and 1040kg respectively, the feed system is dynamically simulated, the V-t curve of the movement of the spindle box is got. As can be seen from Fig. 5 , the smaller the quality of the spindle box components is, the faster the speed increase and the speed at which uniform motion is reached is greater. If the motion of the first 5s is approximately constant acceleration, the acceleration increases by 18.6% and 44.5% respectively when the mass is reduced by 10% and 20% from 1300kg, respectively. It shows that the mass of the spindle part has an important influence on the dynamic characteristics of the whole feeding system. The Effect of Input Torque on Speed. The output torque of the permanent magnet servo motor plays an important role in the movement of the whole spindle case. When the overall structure of the feed system is designed, the servo motor needs to be selected and matched with the structural parameters of the whole feeding system to achieve the overall power design requirements. When the output torque T of the permanent magnet servo motor is 30 N·m, 33 N·m and 36 N·m, the V-t curve of the spindle box part is obtained. As can be seen from Fig. 6 , the final speed of the spindle unit increases as the output torque of the servomotor increases. If the motion of the front 5s is approximated as a constant acceleration motion, the acceleration of the first 5s can be increased by 34.6% and 65.3% respectively when the output torque of the servo motor is increased by 10% and 20% from 30 N·m. Therefore, the output torque of the servo motor has an important influence on the kinetic characteristic of the spindle box. When the feeding system is designed, the servo motor corresponding to the feed structure should be properly selected to meet the power design requirements of the feed system. Effect of Center Position Parameter on Speed. According to equations (20) to (24), the two design parameters of L 2 and L 3 affect the Coulomb friction of the guide rail, which then affects the feed rate of the spindle box components. When the other parameters are not changed and the output torque of the servo motor T is 30N·m, the appropriate different parameters are selected by L 2 and L 3 respectively, and the V-t curve is obtained respectively. As can be seen from Fig. 7 , as the L 2 increases, the frictional force increases and the velocity decreases faintly. The excessive L 2 will cause the spindle housing component to affect the center of gravity offset, which is not conducive to the coordinated motion of the biaxial feed system. As the L 3 increases, the rail friction increases and the speed is weakly reduced. So the design should be as far as possible so that the longitudinal axis of the spindle position and the screw is similar. The Influence of the Control Parameters of the Servo Motor on the Speed. As the important part of the CNC machine tool, the servo system has important influence on the feed performance of the machine. In this paper, the position loop gain, the speed loop adjustment gain, the speed loop gain and the current loop gain are taken as the variables, and the slope signal is used as input It is found that the position loop gain and velocity loop gain have an important influence on whether the system can reach the uniform speed quickly. It can be seen from Fig. 9 and Fig. 10 that when the position loop gain K pp is 1, 5, 10 and the speed adjustment gain K v is 100, 200 and 300, the time which the spindle box reaches a uniform speed becomes shorter. The proper increase in position loop gain and speed adjustment gain can improve the motion characteristics of the feed system. 
Conclusions
Considering the factors such as bearing friction of rail and interstice, a perfect biaxial coupled feed system model is established for the feeding system of vertical machining center with closed loop control. Through the simulation analysis of the Y-axis feed system of the machining center, it is concluded that the weight of the spindle box, the output torque of the servo motor, the position loop gain and the speed loop gain have important influence on the dynamic characteristics of the feed system. The position parameters of the spindle box have little effect on the dynamic characteristics of the feed system. However, the influence of the position parameters of the spindle box on the feed system should be taken into account in the design of the precision machine tool feed system.
